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Abstract 



PROBLEM TO BE SOLVED: To hold a semiconductor wafer with a uniform attractive force by forming 
electrodes having specified thickness and length on the surface of a ceramic base and covering the 
electrodes with an aluminum nitride film in a specified thickness range to form a holding face having a 
high flatness accuracy. ^ u • ^ 

SOLUTION: A ceramic base 1 contg. a resistance heater 7 and two-pole conductor layer 6 buned 
therein has electrodes 2 of 0.2mm or more thick and 5cm max. long each, and the electrodes 2 are 
covered with an aluminum nitride film 3 of 0.01-0.5mm thick to form a holding face 4. Since the electrode 
2 on the surface of the base 1 is 5cm max. long, the base 1 little warps and the holding face 4 can be 
finished at a superior flatness while the attraction dispersion is little and the wafer 10 can be held at a 
high accuracy. It is possible to generate a plasma at a contst. plasma density between a metal plate and 



surface 2. 
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JP Kokai Hei 9-237826 
Title of the Invention 
ELECTROSTATIC CHUCK 

[Abstract] 

Subject: To provide a compact electrostatic chuck capable of holding a 
semiconductor wafer with uniform adsorption force and having a plasma 
generating function in addition to an electrostatic adsorbing function. 
Means for solving: An electrostatic chuck comprising a plurality of 
electrodes having the thickness of 0.02 nmi or more and the maximum 
length of 5 cm or less on the surface of a ceramic substrate, wherein each of 
the electrode is covered with an aluminum nitride film having the thickness 
of 0.01 to 0.5 TTiTTi to form a holding face. 

[Scope of the Claims for Patent] 

[Claim 1] An electrostatic chuck comprising: 

a plurality of electrodes having the thickness of 0.02 mm or more 
and the maximum length of 5 cm or less on the surface of a ceramic 
substrate, wherein 

each of the electrode is covered with an aluminum nitride film 
having the thickness of 0.01 to 0.5 mm to form a holding face. 
[Claim 2] The electrostatic chuck according to claim 1, wherein 

resistance heating elements for heating are embedded in the ceramic 
substrate. 

[Claim 3] The electrostatic chuck according to claims 1 and 2, wherein 



a direct current high voltage for electrostatic adsorption and/or a 
high frequency power for plasma generation are/is applied to the electrode 
so that the electrode operates as an electrode for electrostatic adsorption 
and, also, operates as an electrode for plasma generation. 
[Claim 4] The electrostatic chuck according to claims 1 to 3, wherein 

the ceramic substrate is made of ceramic having the intrinsic 
volume resistance value of 10^^ £i«cm or more and the thermal conductivity 
of 20 W/mK or more, and the electrode is made of tungsten, molybdenum or 
Kovar. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an electrostatic chuck used for 
performing a film forming process and finely processing process on a 
semiconductor wafer in a semiconductor producing device or the like. 
[0002] 
[Prior Art] 

Conventionally, in the fabrication process of a semiconductor device, 
for a film forming device for forming a film on a semiconductor wafer or a 
dry etching device for finely processing a semiconductor wafer, an 
electrostatic chuck has been employed as a jig for highly precisely holding 
the semiconductor wafer. 

[0003] Further, in these years, along with improvement of the integration 
degree of semiconductor elements, the precision required for the 
electrostatic chuck is further increased, so that it has tended to employ an 



electrostatic chuck made of a ceramic. 

[0004] For example, electrostatic chucks in which an alumina ceramic, a 
silicon nitride ceramic or the like is used for producing a ceramic substrate 
forming the electrostatic chucks and at the same time, electrodes for 
electrostatic adsorption are embedded in the ceramic substrate have been 
known before (see Japanese Kokai Sho 62-264638). 
[0005] Further, in the fabrication process of a semiconductor device 
involving deposition and drying etching, since they are to be used in halogen 
type corrosive gases in which plasma is generated, there have been some 
electrostatic chucks comprising ceramic substrates made of an alumintun 
nitride type ceramic excellent in plasma resistance (see Japanese Kokai Hei 
6-151332). 

[0006] Further, with respect to an electrostatic chuck used for 
semiconductor fabrication process using plasma, the electrostatic chuck is 
required to have a temperature control function to keep a wafer at a 
constant temperatxire and a plasma generation function other than the 
electrostatic adsorption function for closely adsorbing the wafer and since if 
these functions can be combined all together, a compact and extremely 
efficient electrostatic chuck can be obtained, an all-in-one type electrostatic 
chuck in which three electrodes; electrodes for electrostatic adsorption, 
resistance heating elements, and electrodes for plasma generation are 
embedded in a ceramic substrate is proposed. 
[0007] 

[Problems to be Solved by the Invention] 

However, when no less than 3 layers are inserted in the inside of the 



ceramic substrate, owing to the thermal expansion at the time of firing, the 
ceramic substrate is considerably warped to result in problems such as 
occurrence of cracking, separation and disconnection of electrodes and the 
like. 

[0008] Especially, since electrodes for the electrostatic adsori)tion and the 
electrodes for plasma generation are formed in electrode patterns in the 
entire surface of the ceramic substrate, the warping of the ceramic substrate 
is so significant attributed to embedding of these two kinds of electrodes. 
[0009] Because of that, even if a wafer is held by such an electrostatic 
chuck, there occur problems that no flatness precision of the wafer can be 
obtained and that imdesirable effects are caused on the semiconductor 
fabrication process. 

[0010] Therefore, in order to improve such problems even a bit, it is 
supposed to be possible to thin the thickness of the electrodes, however if 
the thickness of the electrodes is made to be 0.01 mm or less, there occurs 
another problem that the high frequency electric power to be applied to the 
electrodes for plasma generation is restricted. 

[0011] That is, in the case of generating plasma, electric power of 100 W or 
more has to be applied to the electrodes for plasma generation, if the 
thickness of the electrodes is 0.1 mm or less, the electrodes for plasma 
generation abnormally generate heat, so that not only a wafer cannot be 
sufficiently dry etched but also the electrodes for plasma generation are 
burned and disconnected and the ceramic substrate is broken. 
[0012] 

[Means for Solving the Problems] 



Accordingly, in consideration of the above-mentioned problems, an 
electrostatic chuck according to the present invention comprises: a plurality 
of electrodes having the thickness of 0.02 mm or more and the maximum 
length of 5 cm or less on the surface of a ceramic substrate, wherein each of 
the electrode is covered with an aluminum nitride film having the thickness 
of 0.01 to 0.5 TTiTTi to form a holding face. Also, according to the present 
invention, resistance heating elements for heating may be embedded in the 
ceramic substrate. 

[0013] Further, according to the present invention, a direct current high 
voltage for electrostatic adsorption and/or a high fi-equency power for 
plasma generation are/is applied to the electrode so that the electrode 
operates as an electrode for electrostatic adsorption and, also, operates as an 
electrode for plasma generation. 

[0014] Further, according to the present invention, the ceramic substrate is 
made of ceramic having the intrinsic volume resistance value of lO^o fi*cm 
or more and the thermal conductivity of 20 W/mK or more, and the electrode 
is made of tungsten, molybdenimi or Kovar. 
[0015] 

[Embodiment of carrjdng out the Invention] 

Hereinafter, embodiments of the invention will be described with 
reference to the drawings. 

[0016] As illustrated in a perspective view of Fig. 1(a) and a cross sectional 
view of Fig. 1(b) taken along line X-X of Fig. 1(a), an electrostatic chuck 
according to the present invention comprises a plurality of electrodes 2 on 
the surface of a ceramic substrate 1, wherein each of the electrodes 2 is 



covered with an aluminum nitride film 3 to form a holding face 4. 
[0017] Further, as illustrated an exploded view of the ceramic substrate 1 
in Fig. 2, via holes 5 for electric commimication of a plurality of the 
electrodes 2 and a bipolar conductive layer 6 for electric conduction of the 
respective via holes 5 are formed inside of the ceramic substrate 1 and 
besides the conductive layer 6, resistance heating elements 7 for heating are 
embedded and lead terminals 8 and 9 are bonded to the foregoing conductive 
layer 6 and resistance heating elements 7, respectively. 
[0018] As the ceramic forming the foregoing ceramic substrate 1, those 
having an intrinsic volume resistance value of 10^® ft«cm or more and a 
thermsd conductivity of 20 W/mK or more are preferable. Because it is 
indispensable that electric insulation of the electrodes 2 is assured and that 
an evenly heating property is provided to carry out film formation of an even 
film on a wafer 10 and highly precise processing of the wafer 10. 
[0019] As a ceramic having such characteristics, an aluminum nitride type 
ceramic and an alumina ceramic are preferable and an aluminum nitride 
type ceramic with a high thermal conductivity, excellent even heating 
property, and high plasma resistance is further preferable to be used. 
[0020] However, the thickness of the ceramic substrate 1 is required to be 3 
mm or more in order to withstand for the thermal stress at the time of 
forming electrodes 2 as it will be described later. 

[0021] Further, the electrodes 2 to be formed on the surface of the ceramic 
substrate 1 are composed of a plurality of electrodes 2 by dividing a circular 
electrode at equal intervals as shown in Fig. 3 and in order to evenly attract 
and hold a wafer 10, at least the electrodes 2 are preferably arranged at 

6 



equal intervals from one another on the surface of the ceramic substrate 1. 
[0022] However, there is a close relation between the ceramic substrate 1 
and the size of the electrodes 2 to be formed on the surface and if the 
maximum length L of the foregoing respective electrodes 2 exceeds 5 cm, the 
warping of the ceramic substrate 1 becomes too significant owing to the 
thermal expansion difference between the electrodes 2 and the ceramic 
substrate 1 to neglect the warping amount and subsequently, undesirable 
effects are caused on the film formation precision and processing precision of 
the wafer 10. 

[0023] Therefore, it is required to keep the maximum length L of the 
respective electrodes 2 to be formed on the surface of the ceramic substrate 
1 within 5 cm. 

[0024] It is noted that the maximum length of the electrodes 2 in the 
invention means the length of the longest portion of each electrode 2 and for 
example, in the case of a circular electrode 2, its diameter and in the case of 
a rectangular electrode 2, the longer diagonal line are set to be the 
maximum length, respectively. 

[0025] Further, with respect to the shape of the respective electrodes 2, any 
shape such as a circular shape, an oval shape or a polygonal or star-like 
shape is allowed if the maximum length L is 5 cm or less. 
[0026] The thickness Ti of the electrodes 2 is also an important factor. 
That is, other than the function as electrodes for electrostatic adsorption, 
the electrodes 2 are provided with a function as electrodes for plasma 
generation and that is because if the thickness Ti of the electrodes 2 is too 
thin, thinner than 0.02 mm, the electrodes 2 are heated and disconnected by 



burning when high frequency electric power is applied to generate plasma. 
[0027] Accordingly, the thickness Ti of the electrodes 2 is required to be 
0.02 mm or more. 

[0028] As the metal for forming such electrodes 2, metals such as tungsten, 
molybdenum, Kovar, and the like with a thermal expansion coefficient of 4 x 
lO^e to 6 X 10"6/«C are preferable. Since these metals have a thermal 
expansion coefficient close to the thermal expansion coefficients (5 x 10^ to 
7.8 X 10^/**C) of an aluminum nitride type ceramic and an aluminum ceramic 
forming the ceramic substrate 1, warping and breaking of the ceramic 
substrate 1 owing to the thermal expansion difference can be suppressed. 
Further, in the case the ceramic substrate 1 is made of the aluminum 
nitride type ceramic, a slight amount of an aluminum nitride powder may 
be added to the foregoing metal and by adding the aluminum nitride powder 
as described, the difference from the thermal expansion coefficient of the 
ceramic substrate 1 can be made further small, warping and breaking of the 
ceramic substrate 1 can be further suppressed. 

[0029] In order to form the electrodes 2 on the surface of the ceramic 
substrate 1 in such a manner, a paste containing the above-mentioned metal 
is applied in respective sizes and then baked to unit them with the ceramic 
substrate 1 or after a metallized layer is formed, metal sheets and metal 
foils with prescribed sizes for forming the electrodes 2 are stuck to the 
ceramic substrate 1 by using a solder material containing titanium, silver or 
the like. 

[0030] Further, after an electrode is formed on almost entire surface of the 
ceramic substrate by the above-mentioned method, the electrode may be 
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divided into the electrodes 2 with the maximiun length L of 5 cm or less by 
cutting process or the like. 

[0031] Also, an aluminum nitride fflm 3 is formed on the electrodes 2 on the 
ceramic substrate 1 and the aluminum nitride film 3 can be formed by a 
thin film formation means including a weU-known vapor phaae deposition, a 
PVD method such as a sputtering method, an ion plating method, or the like, 
and a CVD method such as a plasma CVD method, MOCVD method, a 
thermal CVD method and the like. The purity of the film is preferably 99% 
or more, more preferably 99.9% or more. In the case the above-mentioned 
thin film formation means is employed for the formation, it is probable to 
contain oxygen in the film 3 and if the oxygen amount is too high, the 
adhesion strength to the electrodes 2 becomes poor. Therefore, the amount 
of oxygen to be contained in the aluminum nitride film 3 is preferably 
suppressed to 20 atomic % or less. 

[0032] The film thickness T2 of the aluminum nitride film 3 is preferably 
0.01 to 0.5 mm, fiirther preferably 0.05 to 0.4 mm. The reason for that is 
because if the film thickness T2 of the aluminum nitride film 3 is thinner 
than 0.01 mm, the withstand voltage of the film 3 is so low as to cause 
dielectric breakdown and deteriorate the durability and on the contrary, if 
film thickness T2 of the aluminum nitride film 3 is thicker than 0.5 mm, it 
takes a long time to form the aluminum nitride film 3 to result in poor 
productivity and the film thickness T2 is dispersed to result in adsorption 
dispersion and deterioration of electrostatic adsorption force. 
[0033] Incidentally, the aluminum nitride film 3 may be formed on the 
entire surface of the ceramic substrate 1 having the electrodes 2, however it 
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is preferable that the film 3 is formed so as to cover only the electrodes 2. 
The reason for that is because the ceramic substrate 1 and the aluminum 
nitride film 3 are formed by different formation methods and therefore, for 
example, even if the ceramic substrate 1 is made of an aluminum nitride 
type ceramic, a slight thermal expansion difference exists between both of 
them and it is probable that warping takes place in the ceramic substrate 
and cracking occurs in the aluminum nitride film 3. 

[0034] However, in order to coat only the electrodes 2 with the aluminum 
nitride film 3, either the aluminum nitride film 3 is formed while a mask 
being put between neighboring electrodes 2 or the aluminum nitride film 3 
is formed on the entire surface of the ceramic substrate 1 and then the 
aluminimi nitride film 3 existing between neighboring electrodes 2 are 
removed by a method such as shot blasting. 

[0035] Meanwhile, in the ceramic substrate 1, a bipolar conductive layer 6 
to electrically commimicate with the electrodes 2 and resistauice heating 
elements 7 for heating are embedded and the thickness Ts of the conductive 
layer 6 and the resistance heating elements 7 is adjusted to be 0.03 mm or 
less, so that warping of the ceramic substrate 1 can be suppressed. 
Incidentally, similar to the material for the electrodes 2, as the material for 
the conductive layer 6 and the resistance heating elements 7, metals such as 
tungsten, molybdenum, Kovar, and the like with a thermal expansion 
coefficient of 4 x 10"^ to 6 x lOT^/^C are preferable to be used and those 
obtained by mixing a slight amount of an aluminum nitride powder to the 
above-mentioned metals are also preferable to be used. 
[0036] Next, the operation of the electrostatic chuck will be described. 
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[0037] As illustrated in Fig. 1, a semiconductor wafer 10 is mounted on a 
holding face 4 and direct current voltage as high as about 1000 V is applied 
to the electrodes 2 through lead terminals 8 to utilize the foregoing 
electrodes 2 as electrodes for electrostatic adsorption, so that the 
semiconductor wafer 10 can be attracted to and held on the holding face 4 
owing to the Coulomb's force by dielectric polarization between the 
aluminum nitride film 3 and the semiconductor wafer 10 and 
Johnson-Rahbeck effect of slight leakage current. Here, the electrostatic 
chuck according to the invention, since the maximum length L of a plxirality 
of the electrodes 2 formed on the ceramic substrate 1 is adjusted to be 5 cm 
or less, the ceramic substrate 1 scarcely warps and the holding face 4 can be 
finished to have excellent flatness. So that, the adsorption dispersion is 
slight and the wafer 10 can be held at a high precision. 
[0038] Further, a metal plate (not illustrated) is arranged above the 
electrostatic chuck and high frequency electric power is applied to the 
electrodes 2 from a high frequency power source, so that plasma with 
constant plasma density can be generated between the foregoing metal plate 
and the electrodes 2. At that time, since the electrodes 2 has the thickness 
Ti of 0.02 mm or more, even if high frequency electric power is applied, the 
electrodes 2 do not generate heat or are disconnected by burning. 
Incidentally, in the case high frequency electric power for plasma generation 
is applied other than the direct current voltage for the electrostatic 
adsorption, a filter capable of cutting the high frequency may be inserted 
between the electrostatic chuck and the high voltage power source. 
[0039] Since the £duminum nitride film 3 coating the electrodes 2 has a 

11 



high purity and is exceUent in plasma resistance, the film does not cause 
any bad effect of such as particles, contamination or the like on the wafer 
10. 

[0040] Further, since resistance heating elements 7 are embedded in the 
ceramic substrate 1, by voltage application to them through lead terminals 9, 
the electrostatic chuck can radiate heat to evenly heat the wafer 10, 
Moreover, since only the resistance heating elements 7 having a thickness 
T3 of 0.03 mm or less and belt-like thin film patterns and a bipolar 
conductive layer 6 for electric communication to a plurality of the electrodes 
formed on the ceramic substrate 1 are embedded in the ceramic substrate 1, 
similar to a general ceramic heater, the electrostatic chuck free of warping 
and breaking and having extremely high reliability can be obtained. 
[0041] Consequently, in the case a film formation is carried out on a wafer 
10 by employing the electrostatic chuck according to the invention, a film 
with an even thickness can be formed and in the case of etching the wafer 
10, the etching process in a planned size can be carried out. 
[0042] 
[Exsimples] 

(Example 1) Here, an electrostatic chuck as shown in Fig. 1 was produced 
by way of trial and experiments to investigate its effects were carried out. 
[0043] At first, after a slurry was produced by adding a binder and a 
solvent to an aluminum nitride powder with a purity of 99.9% or more, a 
plurality of green sheets with a thickness of about 0.5 mm were formed by a 
doctor blade method. On one green sheet among them, belt-like patterns 
were formed by screen printing of a metal paste for resistance heating 
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elements produced by mixing a tungsten powder and an sduminum nitride 
powder and adjusted to have an adjusted viscosity and on another green 
sheet, wiring shape as shown in Fig. 2 was formed by screen printing of a 
metal paste produced by mixing a tungsten powder and an aluminum 
nitride powder and adjusted to have an adjusted viscosity, 
[0044] After that, these green sheets were laminated and further the 
remaining green sheets were laminated and thermally stuck to one another 
at 80*^0 by about 50 kg/cm^ pressure to produce a lamination body which 
was further subjected to cutting process to be formed into a disk-like plate 
body and after that, small holes for forming electric communication with 
electrodes 2 and having a diameter of about 0.1 mm were formed in the 
surface of the lamination body and filled with a metal paste. 
[0045] After being subjected to vacuum degreasing, the lamination body 
formed in such a manner was fired in reducing atmosphere at a 
temperature of about 2000**C to obtain a ceramic substrate 1 made of an 
aluminum nitride type ceramic with a thermal conductivity of 100 W/mEl, 
and an intrinsic volume resistance value of 10^^ n«cm, comprising 
resistance heating elements 7 and a bipolar conductive layer 6 embedded 
therein, and having an outer diameter of 220 mm and a thickness of 10 mm. 
[0046] Also, substrates 1 made of the following ceramics; highly pure 
alumina with a purity of 99%, silicon nitride, and silicon carbide were 
produced. The alumina and silicon nitride were produced similarly to the 
case of the aluminum nitride by a doctor blade method and the silicon 
carbide was produced by a hot press method. The respective ceramic 
substrates 1 were controlled to have 98% or more theoretical densities of the 
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respective materials and the printed pattern shapes of the resistance 
heating elements 7 and the conductive layers 6 embedded in the inside of 
the respective ceramic substrates 1 were made all same and their resistance 
value was adjusted to be 5 n and the thickness T3 was adjusted to be 0.03 
mm or less. 

[0047] Voltage of 100 V was applied to the resistance heating elements 7 in 
the ceramic substrates 1 produced in such a manner to heat them to 400**C. 
Then, the surface temperature of the ceramic substrates 1 was investigated 
by a temperature image processing device to find that the temperature 
distribution of the ceramic substrate 1 made of silicon nitride was so 
extremely inferior as shown in Table 1 as to make practical use impossible. 
[0048] Further, in the case of the ceramic substrate 1 made of silicon 
carbide, owing to low resistance value, electric current applied to the 
resistance heating elements 7 was found turning around to clarify that the 
insulation property could not be assured. 

[0049] On the other hand, the ceramic substrates 1 made of aluminum 
nitride and alumina showed no current turning around even if being heated 
and had sufficiently good insulation property and with respect to the 
temperature distribution, temperature dispersion was found not so 
significant. Especially, aluminum nitride scarcely showed the temperature 
dispersion and was found excellent since it had high thermal conductivity. 
[0050] As a result, as a ceramic for forming a ceramic substrate 1, it was 
found that those having a thermal conductivity of 20 W/mK or more and an 
intrinsic volume resistance value of lO^^ fi»cm or more were preferable to be 
selected. 
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[0051] 
[Table 1] 



Material 


Thermal 
conductivity 
(W/mK) 


Intrinsic volume 
resistance value 
(n»cm) 


Temperature 
distribution 

(°C) 


Overall 
evaluation 


Aluminum nitride 


100 


1015 


1 


O 


Alumina 


21 


10i« 


15 


O 


Silicon nitride 


14 


1016 


22 


X 


Silicon carbide 


55 


10* 


9 


X 



[0052] 



(Example 2) Next, after the surface of ceramic substrates 1 made of 
aluminum nitride was subjected to polishing to make the flatness 1 Mm or 
less, the average roughness relative to the average line (Ra) 1 or less, 
electrodes 2 with different shapes and thickness as shown in Table 2 were 
formed on the surface so as to electrically connect them with the respective 
via holes 5 and the warping amount of the respective ceramic substrates 1 
were investigated. 

[0053] The electrodes 2 were formed by screen printing a paste produced by 
mixing copper and silver powders and adjusted to have an adjusted viscosity 
into the respective electrode shapes and then heating at a temperature of 
1000**C in vacuum atmosphere. 

[0054] The respective results were as shown in Table 2. 
[0055] 
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[Table 2] 





Structure of electrodes 


Warping amoimt of 
ceramic substrate 
(Mm) 


Ntunber 


Shape 


Thickness 
(mm) 


Maximum 
Length 
(cm) 


*i 


1 


Circular 


0.05 


20 


80 


*2 


2 


Semi-circular 


0.05 


10 


30 


3 


4 


Arc 


0.05 


5 


1 


4 


8 


Arc 


0.05 


2 


0.6 


*5 


1 


Rectangular 


0.05 


20 


70 


*6 


2 


Rectangular 


0.05 


10 


26 


7 


4 


Rectangular 


0.05 


5 


0,9 


8 


1 


Rectangular 


0.05 


5 


0.5 


9 


1 


Rectangular 


0.50 


5 


1 


10 


4 


Rectangular 


0.50 


5 


1 


*11 


1 


Rectangular 


0.60 


5 


Broken 


12 


8 


Rectangular 


0.05 


2 


0.6 


13 


12 


Rectangular 


0.05 


2 


0.6 



* shows out of the invention 
[0056] As a resxilt, at first, it could be found that regardless of the shape 
and the thickness of the electrodes 2, the warping amount of the ceramic 
substrates became larger as the maximum length L of the electrodes 2 
became longer. Moreover it could be found that when the maximum length 
L of the electrodes 2 became longer than 5 cm, the warp of the ceramic 
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substrates 1 became significant. 

[0057] On the other hand, if the maximum length L of the electrodes 2 was 
5 cm or less, the warping amount of the ceramic substrates 1 could be 
suppressed to 1 |xm or less, which was a neglectable level of the effect of 
warping. 

[0058] Further, even if those having the maximum length L of the 
electrodes 2 longer than 5 cm, the warping amount of the ceramic substrates 
could be suppressed to 1 pm or less by dividing the electrodes 2 by polishing 
or the like to make the maximum length L of the electrodes 2 be 5 cm or 
less. 

[0059] Accordingly, it was made clear that the warping of the ceramic 
substrates 1 could be remarkably suppressed by adjusting the maximvim 
length of the electrodes 2 to be 5 cm or less. 
[0060] 

(Example 3) Further, ceramic substrates 1 provided with the electrodes 2 
of the sample No. 7 in Table 2 were made ready and aluminum nitride films 
3 with different film thickness values T2 were formed on the electrodes 2 to 
obtain electrostatic chucks by way of trial. 

[0061] For the film formation of the aluminum nitride films 3, as reaction 
gases, aluminum chloride, ammonia, hydrogen, and nitrogen were made 
ready and film formation was carried out at 800 to lOOO^C imder decreased 
pressure, about 50 torr, and by controlling the film formation duration, 
aluminum nitride films 3 with the film thickness T2 shown in Table 3 were 
formed. 

[0062] Next, when a silicon wafer 10 was attacted and held by applying 
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direct ciirrent voltage of 1000 V to the electrodes 2, dielectric breakdown 

took place for those with the thickness T2 of 0.05 mm or less. 

[0063] On the other hand, no dielectric breakdown took place and stable 

adsorption was made possible for those with the thickness T2 of 0.01 mm or 

more. However, if the film thickness the thickness T2 was 0.5 mm or more, 

it took a long time to form the aluminum nitride films to result in poor 

productivity. 

[0064] Further, with respect to the adsorption force, if the £Qm thickness T2 
was in a range of 0.05 mm to 0.4 mm, approximately constant adsorption 
force was obtained to make handling as electrostatic chucks easy. 
[0065] As a result, the film thickness T2 of the aluminum nitride films 3 
was found preferably within a range of 0.01 to 0.5 mm, more preferably 
within 0.05 to 0.4 mm. 
[0066] 
[Table 3] 



Film thickness T2 of aluminum 
nitride film (mm) 


Voltage resistance at 
IKV 


Adsorption force 
(g/cm2) 


0.005 


Broken (x) 




0.01 


0 


220 


0.05 


0 


130 


0.1 


0 


126 


0.2 


0 


120 


0.4 


0 


115 


0.5 


0 


60 
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[0067] Further, the electrostatic chucks according to the invention were set 
in an etching device and in the case while fluorine gas being supplied, high 
frequency electric power of 800 W and 13.56 MHz was applied from a high 
frequency electric power source, the electrodes 2 did not generate heat and 
were not disconnected by burning since the electrodes 2 were provided with 
sufficient thickness Ti of 0.02 mm or more. Moreover, since the electrodes 
2 and the aluminum nitride film 3 formed on each ceramic substrate had 
even thickness, the plasma density on a waferlO could be made constant 
and thus formation of a desired integrated circuit on the silicon wafer was 
made possible. 
[0068] 

[Effects of the Invention] 

As described above, the invention provides an electrostatic chuck 
comprising a plurality of electrodes with a thickness of 0.02 mm or more and 
the maximum length of 5 cm or less on the surface of a ceramic substrate 
and a holding face formed by coating each of the electrodes with an 
aluminum nitride film with a thickness of 0.01 to 0.5 mm; therefore, the 
holding face is provided with a high flatness precision and capability of 
holding a semiconductor wafer with an even adsorption force and at the 
same time the electrodes are provided with the function as electrodes for 
plasma generation other than the function as electrodes for electrostatic 
adsorption, so that a compact electrostatic chuck with an extremely high 
efficiency can be obtained. 

[0069] Moreover, since an aluminum nitride film is excellent in plasma 
resistance, a long life can be provided and no bad effect of such as 
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contamination and particles on a semiconductor wafer is caused. 

[0070] Further, since only a conductor layer for electric communication to 

the electrodes and resistance heating elements are embedded in the inside 

of the above-mentioned ceramic substrate, a remarkably high reliability can 

be provided similarly in the case of a common ceramic heater. 

[0071] Further, in the invention, since a ceramic having a high thermal 

conductivity and intrinsic volume resistance value is employed to compose 

the above-mentioned ceramic substrate and the electrodes are made of 

tungsten, molybdenum or Kovar, the electrostatic chuck is excellent in the 

evenly heating property and is capable of evenly heating a semiconductor 

wafer. 

[0072] Consequently, if film formation on a semiconductor wafer is carried 
out by employing such an electrostatic chuck according to the invention, film 
formation with a high precision can be carried out and if fine processing is 
carried out on a semiconductor wafer, high precision processing with a 
prescribed size can be carried out. 
[Brief Description of the Drawings] 

Fig. 1(a) is a perspective view showing an electrostatic chuck 
according to the invention and Fig. 1(b) is a cross-sectional view taken along 
line X-X of the Fig. 1(a). 

Fig. 2 is an exploded view of a ceramic substrate forming an 
electrostatic chuck according to the invention. 

Fig. 3 is an illustration showing the pattern structure of electrodes 
of an electrostatic chuck according to the invention. 
[Explanation of S3anbols] 
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1: ceramic substrate 
2: electrode 

3: aluminum nitride film 

4: holding face 

5: via hole 

6: conductive layer 

7: resistance heating element 

8: lead terminal 

9: lead terminal 

10: semiconductor wafer 



[Fig.l] 



[Fig.2] 




